ABSTRACT-We investigated brain potentials related to the abandonment of the motor intention prior to the initiation of a point-to-point finger reaching movement. The starting time of the movement was indicated with the clock making one revolution for 4 s. The time at which the clock hand passed the 3 o'clock position was defined as a go timing. In the go trials, a subject was instructed to start the movement at the timing. In a series of trials, a task, we designated pre-stop task, with a stop signal indicated unexpectedly before the timing of the go-signal was conducted. In the pre-stop task, the subject abandoned the motor intention immediately after the stop-signal, and all subjects were able to inhibit finger movement. Cerebral potentials from the scalp were recorded using a 20-channel electroencephalography (EEG) system. In the go task, typical movement-related cortical potentials were observed. On the other hand, a positive potential distributed at the midline fronto-cental scalp about 400ms after the go-signal was observed only in the pre-stop task. This result suggests that the positive component observed in the pre-stop task is associated with the abandonment of the motor intention.
I. INTRODUCTION Kornhuber and Deecke first recorded brain potential preceding voluntary movements [1] . They used a reversed averaging technique of the electroencephalography (EEG) and have identified a motor readiness potential (Bereitschaftspotential or BP), which is the slow negative potential preceding the onset of self-initiated voluntary movements [1] .
The BP preceded conscious awareness of the intention to move by 300 ms to 500 ms. It is thought that the initial component of BP (early BP) is originated to the activity of the supplementary motor area (SMA) and pre-SMA, which begins about 1-2 s before movement onset. The late BP component begins about 400 ms before movement onset and has a steeper negative slope than the early BP, which is thought to reflect the activity of contralateral primary motor area (M1) and lateral premotor area (PM) [2, 3] .
In our daily life, there are many cases in which the motor intention has to be altered or interrupted in order to achieve flexible movement adapted to the unpredictable circumstance changes. In the situation, it is thought that brain must perform T. TOKIWA is with Graduate School of Information Science, Hiroshima City University, Hiroshima, Japan (e-mail: tokiwa@hiroshima-cu.ac.jp).
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978-1-4673-1969-0/13/$31.00 ©2013 IEEE 456 movement re-planning before the initiation of the movement. The cortical motor control process in the revision of the motor planning is still not clear. In the present study, we investigate the dynamic cortical activities that accompany motor inhibition prior to the onset of movement.
II. METHOD
Five right-handed subjects (males, age from 22 up to 39 years) with no known neurological abnormalities participated in the present study. The experiments were performed under appropriate conditions in accordance with the Declaration of Helsinki of 1964. The subjects gave informed consent.
The subject sat on a medical chair with a head-rest to immobilize the head. The subject put his both arms on the wooden block over the experimental table. The arm and back of subject ¶s hand were fixed to the block by rubber bands. The point-to-point finger reaching task was conducted. The index finger of the right hand was moved downward from the extended position to the flexed position in the vertical direction which was defined as z-axis. The only metacarpophalangeal (MCP) joint of the index finger was allowed to move with fixation of other two joints of the finger. The position of the finger-tip of right index finger was tracked by a motion-capture system (VICON T10, Vicon Motion Systems, U.K.) with a sampling frequency of 200 Hz. The current position of the finger-tip tracked by the system was indicated with a green circle on a 23-inch liquid-crystal display (LCD) monitor with a refresh rate of 120 Hz (SyncMaster 2233RZ, Samsung, South Korea). The z-coordinates of the starting and target points were also displayed on the screen of the LCD monitor as shown in Fig. 1 . The LCD monitor was set on the table 92 cm in front of the subject. The clock revolving once every 4 s was shown on the The EEG was recorded from 18ch surface electrodes (g.BUTTERFLY Au active electrodes, g.tec Medical Engineering, Austria) mounted on a cap (g.GAMMAcap, g.tec Medical Engineering, Austria) and 2ch earClip electrodes (g.earClip, g.tech Medical Engineering, Austria). The arrangement of the electrodes was based on the extended 10-20 (10%) method (Fp1, Fp2, Fpz, Fz, F3, F4, FCz, Cz, C3, C4, T7, T8, Pz, P3, P4, P7, P8, Oz, A1, A2). A2 and Fpz was used as a reference and GND, respectively. The EEG signals were digitized at 512 Hz by amplifier (g. USBamp 3.0, g.tec Medical Engineering, Austria). The master amplifier received a trigger pulse from a USB D/A module (USB-6216, National Instruments, Inc., USA.) in order to extract the times when the go-signal and stop-signal were presented.
Experimental protocols are shown in Fig. 2 . The subject fixated the fixation point when a beep was presented before the movement of the clock. The experimenter started the clock hand after the brain waves were stable and the subject's finger was set in the correct starting point. While the clock hand was rotating, the subject prepared to the finger movement. In the go task, the subject started the finger movement when the clock hand passed the red line at the 3 o'clock position; this time was adopted as a go-signal. The subject held the finger position after the finger-tip reached to the target point. In the task, which we call pre-stop task, the stop-signal was randomly presented 100, 200, 300, 400, or 500 ms before the go-signal. When the stop-signal was presented, the subject attempted to halt the generation of the finger movement. After sufficient training, the subject performed a series of 48 trials composed of 8 trials of the go task and 40 trials of the pre-stop task (8 trials in each of the 5 conditions of the stop-signal). This series was conducted 10 times. The interval of 5 minites was set after each series.
The recorded EEG signals were re-referenced with linked earlobes and smoothened using a digital high-pass filter with a cutoff frequency of 0.3 Hz. The filtered EEG signals were triggered with the go-signal and segmented into each period of 6 s from 4 s before the go-signal. We confirmed that artifacts due to the finger movement were not observed in the EEG. The segmented EEG signals were grouped into go and pre-stop tasks. The grouped EEG signals were averaged after artifact detection and elimination of the bad segments. The averaged signals that were detected 3.0 to 3.5 s before the go-signal were used to correct the baseline. Fig. 3 shows transitions of the index finger-tip of a representative subject in the go task and pre-stop task with stop-signal at -100 ms. All subjects were able to abandon the generation of the finger movement in more than 96% of the pre-stop trials.
III. EXPERIMENTAL RESULTS
The EEG waveforms of all subjects are shown in Fig. 4 . In the figure, the EEG waveforms at the FCz electrode, at which the clear positive peak was observed compared with other electrodes, are shown. In the go task, typical movement-related cortical potentials (MRCPs) composed with BP and a positive component after the movements were observed, as shown in Fig. 4 (a) . In the pre-stop task, a large positive peak was observed 297-393 ms after the stop-signal following BP (Fig. 4 (b-f) ).
Voltages from the peak of the BP to the peak of the positive component averaged across all subjects are shown in Fig. 5 . All data are expressed as the mean and standard deviation. Statistical analyses were conducted using Student's t-test. The voltages in the pre-stop tasks with a stop-signal of -100 and -200 ms were significantly larger than those with a stop-signal of -300 ms (p<0.05) and those with a stop-signal of -500 ms (p<0.01). as the time of the stop-signal was closer to the time of the go-signal.
IV. DISCUSSIONS
In the inhibitory cortical studies that used a go/no-go paradigm, in which subject reacted immediately after the go or no-go signals, N200 peak of an event-related potential (ERP) detected around 300-400 ms with front-central scalp distribution was followed by the P300 peak around 400-600 ms with central maximum midline distribution. The N200 peak is suggested to be derived from the prefrontal structures [4] . In inhibitory control studies that used a stop-signal paradigm, in which the stop-signal occurred after the go-signal in the stop task, the N200/P300 complex of ERPs was enhanced in successfully stopped trials [5] [6] [7] [8] . A recent study using electrocorticography indicated that the N200/P300 complex in the stop-signal task originates form the M1, PM and dorsal frontal median cortex [9] . In the present study, the positive component in the pre-stop task was distributed at the midline front-central scalp. On the other hand, in the previous studies, the P300 that used the no-go paradigm [4] and stop-signal tasks [5] was distributed at the central midline. And, in successful stop tasks, the sources of the P300 component were located closed to the midline in the dorsal regions adjacent to the central sulci. Moreover, the N200 component was distributed at the front-central scalp at the position of FCz electrode, which is close to the SMA and PM. In the present study, the distribution of the positive component observed in the pre-stop task is similar to the N200 distribution rather than the P300 distribution [6] . Therefore, it is hypothesized that the neural representation of motor inhibition prior to the go-signal is different from that in the stop-signal task where the stop-signal occurs after the go-signal.
The timing of the stop-signal was indicated in the phase of the late BP, which began to rise around 400 ms before the movement onset. Awareness of the motor intention appeared approximately 300 ms before movement onset [4] . Therefore it can be considered that the positive component in the pre-stop task is associated with the revision of conscious awareness of the motor intention in the motor cortices including the pre-SMA, SMA, PM, and M1. Moreover, from the experimental results, the components associated with the stop signal of -100 and -200 ms were larger than those of -300, -400, and -500 ms. It is suggested that the brain activity related to the suppression of motor intention is more intensified when the stop-signal was instructed more closely to the go timing.
In this study, we investigated the dynamic cortical activities occurred with the abandonment of motor intention prior to the onset of movement. A positive EEG potential was observed about 400 ms after the stop-signal preceding the movement onset. It is suggested that this positive potential is caused by the brain activity for the revision of motor planning conducted in the motor-related cortical areas.
